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Relationships Between Reserpine Induced Phasic 
EEG Activity and Single Unit Discharge 

in the Pontine Reticular Formation and Lateral 
Geniculate Body Neurons  

A t t e n t i o n  has  r e c e n t l y  been  focused on  so-cal led m o n o -  
phas ic  waves  r eco rded  in  ch ron ic  ca ts  d u r i n g  p a r a d o x i c a l  
sleep (PS) in  t he  p o n t i n e  r e t i cu l a r  f o r m a t i o n  ( P R F )  a n d  
la te ra l  gen icu la te  b o d y  ( L G B ) L  These  s h a r p  waves  
(100-200 ~V,  70-100 msec)  occur  s pon t aneous l y ,  in  b u r s t s  
of 2-8  e lements ,  a t  a 8/sec f r equency ,  a n d  a i e  t ime-  
r e l a t ed  to  t h e  o u t b u r s t s  of PS ,  such  as  eye  m o v e m e n t s :  
S imi la r  waves  are  r ecorded  in ch ron ic  ca t s  a f t e r  a s ingle  
in j ec t ion  of r e se rp ine  (0,5 mg/kg) .  D u r i n g  18-20 h t he  
a n i m a l  is drowsy,  a n d  exh ib i t s  fas t  low vo l t age  E E G  
ac t iv i ty ,  t on i c  a c t i v i t y  in  t he  n u c h a l  musc les  a n d  a 
p e r m a n e n t  d i scharge  of m o n o p h a s i c  waves  in P R F  and  
L G B .  The  specif ic  ef fec t  of r ese rp ine  u p o n  these  s t r u c t u r e s  
is also obse rved  in a c u t e  p r e p a r a t i o n s  s :Evidence c a n  be  
o b t a i n e d  t h a t  t h e  waves ,  e i t h e r  d u r i n g  P S  or  u n d e r  
reserpine ,  o r ig ina t e  in  t h e  P R F  a n d  t h e n  p r o p a g a t e  
ros t ra l ly .  Fo r  example ,  in  p r e - p o n t i n e  d e c e r e b r a t e d  cats ,  
P S  is s t i l l  p r e s e n t  a n d  t he  waves  can  be r eco rded  in t he  
P R F .  Moreover ,  u n d e r  rese rp ine  L G B - w a v e s  are no t  
suppressed  b y  c a u d a l  sec t ions  of t he  b r a i n s t e m  (enceph-  
ale isole or  r e t ro -pon t ine )  b u t  d i s a p p e a r  a f t e r  a mid-  
p o n t i n e  t r a n s e c t i o n  or  a b i l a t e r a l  coagu la t i on  of a sma l l  
a r ea  in  t h e  l a t e r a l  T e g m e n t u m  of t h e  PRF,  c a u d a l  to  
th i s  sect ion.  

I n  th i s  s tudy ,  a c u t e  rese rp in ized  ca t s  u n d e r  F laxed i l  
were used. T h e  record ing  s t a r t e d  1 or  2 h a f t e r  t he  end  of 
e the r  anes thes ia .  Rese rp ine  doses were i n t r o d u c e d  i.v. 
U n i t  a c t i v i t y  was r ecorded  ex t r ace l l u l a r l y  w i t h  3 M / K C L  
filled m i c r o p i p e t t e s  a n d  deep  E E G  w i t h  b ipo la r  s teel  
e lectrodes.  34 neurons ,  22 in P R F ,  12 in  L G B ,  s tud ied  
for  a t  l eas t  20 ra in  were selected.  I n  t he  P R F  t h e  2 
e lec t rodes  w i t h  t ips  s e p a r a t e d  b y  2 m m  were  i n se r t ed  
s i m u l t a n e o u s l y  w i t h  a 60 ° inc l ina t ion .  His to log ica l  con-  
t ro ls  h a v e  s h o w n  t h a t  t h e  m a j o r  s t r u c t u r e  r e a c h e d  was 
t he  Nucleus  re t i cu la r i s  pon t i s  caudal i s .  I n  t he  LGB,  t he  
e lec t rodes  were i m p l a n t e d  s t e r eo t ax i ca l l y  a n d  w i t h  
reference to  t he  response  e l ic i ted  b y  f lashes  of l ight .  

l~esulls. I n  general ,  M1 P R F  a n d  L G B  cells p r e s e n t i n g  
a c lear  r e l a t i o n s h i p  w i t h  t h e  EEG p h a s i c  a c t i v i t y  showed  
a n  obv ious  increase  in f i r ing  ra t e .  B u t  t h e  precise  re la t ion-  
sh ip  b e t w e e n  t h e  course of each  wave  a n d  t he  co r respond-  
ing spike d i scharge  r a t e  was  s t ud i ed  us ing  spec ia l ly  con-  
s t r u c t e d  h i s t o g r a m s  : for  each cell, s ingle  waves  were super -  
imposed  a n d  t h e  n u m b e r  of spikes in  c o r r e s p o n d i n g  
d i scharges  was  a d d e d  e v e r y  15 msec  b e t w e e n  100 msec 
before  a n d  100 msec  (or more)  a f t e r  t h e  waves .  

I n  t h e  P R F ,  3 t y p e s  of r e l a t i o n s h i p  are  poss ib le :  
(1)Arres t  of f i r ing  ( s pon t aneous l y  ac t ive  ceils) d u r i n g  

t he  f i r s t  p a r t  of t he  wave ,  10-15 msec a f t e r  i ts  beg inn ing ,  
fol lowed b y  a n  acce le ra t ion  d u r i n g  t h e  second p a r t :  
f i r ing  s t a r t s  aga in  20 msec  la ter ,  a n d  t h e n  progress ive ly  
increases  r each ing  a m a x i m u m  a t  t he  end  of t h e  wave .  
A t  t h i s  t i m e  t h e  r a t e  is a b o u t  twice  t h a t  of t h e  back -  
g r o u n d  level.  D u r i n g  b u r s t s  of waves  acce le ra t ion  is 
a b r u p t l y  i n t e r r u p t e d  b y  t he  b e g i n n i n g  of t h e  n e x t  wave  
(Figure  1, a). 

(2) Acce le ra t ion  of f i r ing  d u r i n g  each  w a v e  ( spon tane -  
ous ly  s i len t  cells). F i r i ng  occurs  on ly  d u r i n g  t h e  wave ,  
s t a r t i n g  15-20 msec a f t e r  i t s  b e g i n n i n g  a n d  r e a c h i n g  a 
m a x i m u m  r a t e  20 msec la ter ,  w h i c h  co r r e sponds  to t he  
p e a k  of t h e  wave .  T h e  r e t u r n  to  zero is progress ive ,  
c o m p l e t e d  a b o u t  50 msec  l a t e r  (F igure  1, b). 

(3) C o n t i n u o u s  acce le ra t ion  of f i r ing  d u r i n g  t h e  b u r s t s  
of waves  w i t h o u t  r e spec t  to  t he  n u m b e r  of waves .  Th i s  

effect  c an  r e a c h  i ts  m a x i m u m  e i t h e r  i m m e d i a t e l y ,  w i t h  
t he  f i r s t  wave  of t h e  burs t ,  or  more  progress ive ly .  

I n  t h e  L G B ,  al l  t h e  u n i t s  se lec ted  were  s p o n t a n e o u s l y  
a c t i v e  a n d  r e s p o n d e d  to  s t i m u l a t i o n  b y  f lashes  of  l igh t .  
O n l y  1 t y p e  of r e l a t i o n s h i p  was  found .  Acce le ra t ion  of 
f i r ing  s t a r t s  i m m e d i a t e l y  a t  t h e  b e g i n n i n g  of t h e  wave ,  
a n d  t he  m a x i m u m  ra t e  (5-10  t i m e s  t he  b a c k g r o u n d  level),  
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Fig. 1. Pontine reticular formation (PRF) recordings during bursts 
of reserpine-induced phasic activity. For each pair of records, the 
upper trace is the deep EEG (bipolar recording), and the lower 
trace is an extra-cellular record of spike activity. (a) type 1, spon- 
taneously active cell, with a marked slowing of the spike discharge 
during the first part of the wave, which appears dearly on the left 
'histogram' corresponding to the same unit. (b) type 2, spontaneously 
silent cell, with a burst corresponding to each wave. See correspond- 
ing 'histogram' on the right. Calibration: Records: 100 msec and 
100/~V. Time constant for unit recordings is 0.001 sec. Histograms: 
horizontal, each mark represents 50 msec; vertical, each mark 

represents 10 spikes, 
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Fig. 2. Extra-cellular recordhlg of a LGB unit during single phasic 
waves. Records corresponding to 5 waves are superimposed (left). 
On the right, the histogram is from the same cell. Calibration is the 

same as in Figure 1. 
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reached rather abruptly, coincides with the peak of the 
waves. The decrease is then progressive through several 
hundreds of msec (Figure 2). During repetitive stimula- 
tion by flashes before the injection of reserpine, all the 
units responded by short bursts of 1-4 spikes. Under 
reserpine, the same response was found but  the dis- 
charges corresponding to the phasic waves were super- 
imposed. The EEG evoked potentials occuring during 
this increase of firing were consistently reduced in size. 
This effect is clearly observed for a frequency of flashes 
around 15/see, bu t  seems to disappear if higher than  
25/sec. 

Comments. (1) Phasic EEG waves observed in P R F  and 
LGB after a single injection of reserpine do not reflect in 
a simple and consistent manner  the rate of the spike 
activity of the neurons. We may then hypothetize tha t  
they are related to post-synaptic events occuring in those 
groups of cells. The rate changes which occur during each 
phase of the reserpine-waves could then provide sugges- 
tions as to the excitatory and inhibi tory processes in- 
volved in the generation of these waves. In  the PRY, 
most neurons apparently receive inhibitory input  during 
the first part  of the wave, and then present a rate accelera- 
tion which can be interpreted as due to a post-inhibitory 
rebound, or a superimposed excitatory effect (type 1). 
The other cells (type 2 and 3) are suggestive of a pre- 
dominantly excitatory input. Note however, for type 2 
cells, tha t  the possibility of some early inhibition cannot 
be rejected since they are spontaneously silent. 

In  the LGB, all the neurons recorded accelerated, 
suggesting an extensively excitatory process. The LGB- 
wave could thus reflect the depolarization of this group 
of cells by synchronous EPSPs.  2 discharge generating 
processes are thus represented by the same EEG pat tern 
recorded in 2 different areas. 

(2) These experiments provide some evidence as to the 
effect of reserpine at  the neuronal level-other evidence 
has indicated that  the site of action of reserpine in the 
brainstem should be located in the P R F  *. Pontine neurons 
influenced by reserpine project to the LGB, 'non-specific' 
convergence which is confirmative of the demonstration 
of other authors ~. But  although the visual input  to the 
geniculate neurons, responsible of a very short depolariza- 

tion, gives rise to 1 or few spikes, the non-specific one 
causes a longer depolarization and gives rise to repetitive 
spikes. This difference of response could reflect a dif- 
ference of location of the corresponding synapses on the 
cell membrane ~. 

(3) The similarity of the phasic EEG patterns in reser- 
pine preparations and during PS raises the question of 
whether they obey similar mechanisms at  the neuronal 
level. Several workers have observed during PS phasic 
increases of cell discharges corresponding to the bursts of 
eye movements (which are known to be closely related 
in time with the phasic waves), in many structures in- 
cluding LGB ~, which is in agreement with our findings 
in this structure. But, so far, no study has been per[ormed 
in the P R F  during PS so that  we might compare with 
our results s 

Rdsum& Des ondes rapides sont enregistrSes dans la 
formation r~ticul~e pontique (FRP) et le corps g~nicul$ 
lateral (CGL) chez des chats sous Reserpine. Au moment 
des oudes rapides, l 'activit~ des neurones de la F R P  est 
g~nSralement inhib~e, parfois augment~e. EUe est tou- 
jours augment~e dans le CGL. Un rapprochement est 
tent~ avec des phSnom~nes semblables observes pendant  
le sommeil paradoxal. 
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Nichtenzymatisch bedinl~te TNBT- 
Formazanablagerungen in Gewebsstrukturen 

Tetra-Nitro-Blue-Tetrazolium (TNBT) gilt gegen- 
w~rtig in der Fermenthistochemie als zuverl~ssigster 

Eigene lichtmikroskopische Untersuchungen haben er- 
geben, dass sich in Gewebsschnitten nach kurzzeitiger 
Inkubat ion  in einer TNBT-L6sung und anschliessender 
Reduktion mit  Ascorbins~ure oder Hydrochinon nicht- 
enzymafisch gebildetes TNBT-Formazan nachweisen 
l~isst. Gleichartige Ergebnisse sind inzwischen auch yon 
LOJDA ~, BROOKE und ENGEL ~ sowie FAHIMI und KAR- 
~OVSKV a mitgeteilt worden. Im Gegensatz zu den ge- 
nann ten  Autoren haben wir ausserdem elektronenmikro- 
skopische Untersuchungen durchgefiihrt, fiber die im 
folgenden berichtet werden soll. Die dabei erzielten 
Ergebnisse werfen die Frage auf, ob bei Verwendung yon 

TNBT als Reduktionsindikator zum histochemischen 
Nachweis oxydativer Enzyme mit  einer unspezifischen 
TNBT-Formazanbi ldung zu rechnen ist. 

Kryostatschnit te nativer und glutaraldehydfixierter 
Rat tenherzmuskulatur  warden 5-20 rain in einer ge- 

Hydrochinon bzw. Ascorbinsi~ure zum TNBT-Formazan 
reduziert. Ein  Tell der Schitte wurde mit  OsO, nachfixiert. 
Die Einbet tung der Kryostatschnitte ffir elektronen- 
mikroskopische Untersuchungen erfolgte in Vestopal W, 
Araldit and Durcupan-Fluka.  Zur Kl~rung der Frage, ob 
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